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In prior years, LLNL’s Image Content 
Engine (ICE) project produced a fast, 

robust technique for fi nding patterns in 
images, called GDM (Gradient Direction 
Matching). This algorithm differs from 
other template matching algorithms in 
that it correlates a template with an im-
age after both are fi rst transformed into 
images containing only gradient direc-
tion information (Fig. 1).

Project Goals
Our goal was to customize and apply 

the GDM technique from ICE to support 
one of the optics inspection require-
ments for the National Ignition Facility 
(NIF): fi nding rings of defects on optics 
(FRODO).

Our objective was to augment the NIF 
Optics Inspection analysis capabilities 

(which fi nds in-focus defects in images 
of the NIF optics) by fi nding indirect 
evidence of defects for which we can-
not physically focus the cameras. The 
indirect evidence we want to fi nd is the 
diffraction ring pattern that is formed 
downstream of the interaction between a 
plane wave of the illuminating laser light 
and the spherical wave of the obscuring 
defect (Fig. 2). 

The resulting ring pattern will match 
with the custom luminance disk template 
when both are transformed into gradient 
space and correlated with the GDM tech-
nique.  Once diffraction rings are found, 
we can incorporate our knowledge of 
the ring location with predictions about 
defects that are not in focus and we can 
also improve our confi dence metrics for 
defects that we can detect directly.

Figure 1. Luminance disk matching. Top: diff raction ring pattern (left) and corresponding direction fl ow 

fi eld (right). Bottom: luminance disk model image (left) and corresponding gradient direction fl ow 

fi eld (right). Arrows point in direction from dark to light.
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Relevance to LLNL Mission
The GDM technique has already 

been benefi cial to several areas within 
the NIF directorate. One is to fi nd 
diffraction rings, as planned. Another, 
unexpected benefi t is that it also robustly 
and effectively fi nds halos in off-beam-
line laboratory images needed to verify 
the quality of optic coatings. BioSci-
ences, NDE, and Chemistry are other 
areas where the FRODO results can be 
usefully applied to fi nd circular features 
in complex images.

FY2006 Accomplishments and Results
This year saw successful completion 

of the project milestones, from the initial 
concept to the fi nal characterization 
of FRODO for NIF Optics Inspection. 
We produced tools to create a training 
set and to generate Receiver Operating 
Characteristic (ROC) curves in order to 
evaluate algorithm performance. Then, 
we used an optimization program, AP-
PSPACK, to optimize parameters used 
in the FRODO codes. Optimized param-
eters were incorporated into FRODO 
and used to analyze the training set. An 
image showing detected rings is shown 
in Fig. 3.

The fringe contrast level ratio is
R  =  (Imax– Imin)/(Imax+ Imin),
where Imax and Imin are the maximum 
and minimum intensities, respectively. 

A ROC curve showing performance 
with different parameter settings is 
shown in Fig. 4, demonstrating the fi nal 
success of the FRODO project.  An 
additional effort is underway to incor-
porate these results into the NIF Optics 
Inspection Analysis process.
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Figure 2. Diff raction ring patterns arising from the interference between a plane wave and an opaque 

scattering source, e.g., a defect scattering site.

Figure 3. Image from a camera focused on a 

main laser power amplifi er, with diff raction rings 

labeled with colored circles: blue circle indicates 

a ring with fringe contrast level ratio irradiance 

above a value of 0.15; red circles have fringe 

contrast level ratio irradiance below 0.15.

Figure 4. ROC curve for the results of FRODO 

analysis for an image of a main laser power am-

plifi er. The three separate curves were obtained 

using three diff erent radii for the luminance disk 

radius (DR) in the GDM algorithm. A y-axis value 

of 1 indicates that all labeled rings in the image 

were identifi ed, whereas a value less than 1 

indicates that FRODO did not fi nd all the labeled 

rings. The graphs show that FRODO fi nds large, 

clear rings easily, but has trouble with fainter 

rings when using a larger disk radius size.
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